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Genome-enabled Bioinformatics

High-throughput technologies generate massive
amount of data.

genome sequencing, microarray gene expression, 
mass spectroscopy, …

Growth of data and databases in the public and
private domains is ever more rapid.

genomics, gene expression profiles, proteomics, 
pharmacogenomics, literature, clinical trials…

Proliferation of computational tools for data
analysis and processing continues.

modeling and simulation, statistical analysis, 
sequence analysis and gene finding, clustering 
algorithm, protein folding and structure prediction, data
Mining, visualization…
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The Driving ForceThe Driving Force

Data       Information       Knowledge      DiscoveryData       Information       Knowledge      Discovery
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Information-Driven Life ScienceInformation-Driven Life Science
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The Future is HereThe Future is Here

Digitization of biological systems and theirDigitization of biological systems and their
processesprocesses
Simulation and modeling of protein-protein interactions, protein
pathways, genetic networks, biochemical and cellular processes,
normal and disease physiological states,…

Blurring of the boundary betweenBlurring of the boundary between
experimentally generated data and dataexperimentally generated data and data
generated by database searches andgenerated by database searches and
computational analysescomputational analyses

In silico discovery In silico discovery in complementin complement with with wet labwet lab
experimentsexperiments
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Integration BioinformaticsIntegration Bioinformatics

    is becomingis becoming

the the backbonebackbone of of

Research and DiscoveryResearch and Discovery
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The biological data and databasesThe biological data and databases
Complex and Hierarchical

   Data types range from sequences, 3-dimensional structures,
pathways, images, text, and a wide variety of annotation.

Heterogeneous
    storage format, management, and access vary widely

Dynamic
contents and schema change routinely and rapidly

Inconsistent
lack standards at the ontology Level

Controlled vocabulary for consistent naming for biomedical terms
within and between databases

Data models for modeling or abstraction of biological system and
processes
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What is Ontology ?What is Ontology ?What is Ontology?What is Ontology?

An ontology is a specification of a     An ontology is a specification of a     
conceptualizationconceptualization

Tom Gruber, Computer ScienceTom Gruber, Computer Science

  Ontology provides a vocabulary forOntology provides a vocabulary for
representing and communicatingrepresenting and communicating
knowledge about some topic and a setknowledge about some topic and a set
of relationships that hold among theof relationships that hold among the
terms in that vocabularyterms in that vocabulary

BiologistsBiologists
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                                                      Tables & Relationships                                                      Tables & RelationshipsRelational DatabasesRelational Databases

Database

ID NAME AGE

1 Joe 24

2 Bob 35

3 . . . . . .

. . .

. . .

. . .

ID NAME AGE

1 Joe 24

2 Bob 35

3 . . . . . .

. . .

. . .

. . .

ID NAME AGE

1 Joe 24

2 Bob 35

3 . . . . . .

. . .

. . .

. . .

ID ADDRESS . . .

1 1 Lane . . .

2 2 Street . . .

3 . . . . . .

. . .

. . .

. . .
ID NAME AGE

1 Joe 24

2 Bob 35

3 . . . . . .

. . .

. . .

. . .

Relationships

Records
(Rows)
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                           XML                           XMLSemi-StructuredSemi-Structured

Exchange format

Nested data structures

Exchange format

Nested data structures

XML
Sample

Here
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                            ASN.1                            ASN.1Structured Flat FilesStructured Flat Files

            Structured

            Nested data

            Multiple

    data  types

            Structured

            Nested data

            Multiple

    data  types

LOCUS       AF169225_1    413 aa                    PRI       14-MAY-2001 
DEFINITION  beta-2-adrenergic receptor [Homo sapiens]. 
ACCESSION   AAD48036 
PID         g5714688 
VERSION     AAD48036.1  GI:5714688 
KEYWORDS 
SOURCE      human. 
        ORGANISM  Homo sapiens

 Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
 Mamm alia; Eutheria; Prim ates; Catarrhini; Hominidae; Homo. 

REFERENCE   1  (residues 1 to 413) 
AUTHORS   Rupert,J.L., Monsalve,M.V., Devine,D.V. and Hochachka,P.W. 
TITLE     Beta2-adrenergic receptor allele frequencies in the Quechua, a high altitude native population  
JOURNAL   Ann. Hum. Genet. 64 (2), 135-143 (2000) 
MEDLINE   21141798  
PUBMED   11246467 
FEATURES             Location/Quali fiers 
                  source          1..413                    

 /organism="Homo sapiens"                   
  /db_xref="taxon:9606"                     

/chromosome="5"                     
/map="5q31-q33"                     
/cell_type="lymphocyte"                     
/tissue_type="blood"                    
/note="isolated from a  heterozygous for a known C/T mutation"    

                Protein         1..413                    
 /product="beta-2-adrenergic receptor"     

               CDS        1..413                    
 /coded_by="AF169225.1:17..1258" 

ORIGIN              1 mgqpgngsaf llapngshap dhdvtqqrde vwvvgmgivm slivlaivfg nvlvitaiak      
 61 ferlqtvtny fitslacadl vmglavvpfg aahilmkmwt fgnfwcefwt sidvlcvtas      
121 ietlcviavd ryfaitspfk yqslltknka rviilmvwiv sglxsflpiq mhwyrathqe      
181 aincyanetc cdfftnqaya iassivsfyv plvimvfvys rvfqeakrql qkidksegrf     
241 hvqnlsqveq dgrtghglrr sskfclkehk alktlgiimg tftlcwlpff ivnivhviqd      
301 nlirkevyil lnwigyvnsg fnpliycrsp dfriafqell clrrsslkay gngyssngnt     
 361 geqsgyhveq ekenkllced lpgtedfvgh qgtvpsdnid sqgrncstnd sll  
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Alias for a Transcription FactorAlias for a Transcription FactorAlias for a Transcription Factor

 CEBPB (HUGO Gene Symbol)

CCAAT/ENHANCER-BINDING PROTEIN, BETA

 C/EBP-BETA

 CRP2

 INTERLEUKIN 6-DEPENDENT DNA-BINDING PROTEIN

 IL6DBP

 NFIL6

 LIVER ACTIVATOR PROTEIN

 LAP

 LIVER-ENRICHED TRANSCRIPTIONAL ACTIVATOR PROTEIN

 TRANSCRIPTION FACTOR 5

 TCF5
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Challenges:  Integrate Data Bases and Scientific AlgorithmsChallenges:  Integrate Data Bases and Scientific Algorithms

Genomics
(GenBank, GDB)

Genomics
(GenBank, GDB)

Literatures
(Medline, USPTO)

Literatures
(Medline, USPTO)

Proteomics
(PDB, KEGG)

Proteomics
(PDB, KEGG)

Pharmacogenomics
(dbSNP, LocusLink)

Pharmacogenomics
(dbSNP, LocusLink)

Nomenclature
(Hugo, GO)

Clinical
(OMIM)

Scientific
Algorithms

Gene Expression
Microarray Data

Integration
Bioinformatics
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The Mediation Approach:  gX ArchitectureThe Mediation Approach:  gX Architecture

ApplicationsUser query

K1  Engine
Query Language

Internal data model
Optimizer

 sSQL API

Vocabulary
(Ontology)

Wrapper
Development 

Kit (WDK)

ODBC API JDBC API SQL API

Metadata
Management

DB1
Sybase

Wrapper

XMLXML HTMLHTML Flat FileFlat File

Wrapper Wrapper Wrapper Wrapper

DB1
Oracle
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How does it work?  An exampleHow does it work?  An example

    

User Query 
(Keywords, terms)

User Query 
(Keywords, terms)

Output
 Integration

Output
 Integration

MedlineMedline

HUGO
(Gene

Ontology)
 

HUGO
(Gene

Ontology)
 

The K1
Query
Engine

OMIMOMIM
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Query Multiple Databases with OntologyQuery Multiple Databases with Ontology

HUGO (Gene Nomenclature Genew DB)HUGO (Gene Nomenclature Genew DB)

OMIM (Online Mendel Ian Inheritance of Man)OMIM (Online Mendel Ian Inheritance of Man)

MEDLINEMEDLINE

Select
(Hugo: x,

  OMIM:  omim-get-detail (x.MIM),

  PMID1_ABS: ml-get-abstract-by-uid (x.PMID1),

  NUM_Aliases: ml-get-count-general (x.Aliases)))

  from hugo-get-ids() x

  where x.Symbol = "CEBPB";
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Query ResultsQuery Results{(#HGNC: "1834",  #Symbol: "CEBPB",
  #Name: "CCAAT/enhancer binding protein (C/EBP), beta",
  #MIM: "189965",  #PMID1: "1535333",
  #Aliases: "LAP, CRP2, NFIL6, IL6DBP“)
 #OMIM: {(#uid: 189965,

#gene_map_locus: "20q13.1",….
#allelic_variants: {})},

  #PMID1_ABS: {(#muid: 1535333,
                #authors: "Szpirer C,…",
                #address: "Departement de Biologie…",
                #title: "genes encoding the liver-enriched 

transcription factors C/EBP,…",
                #abstract: "By means of somatic cell hybrids 

segregating either human…..”
     #journal: "Genes Dev  1991 Sep;5(9):1538-

52")},
  #NUM_entries: 1936)}
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Advantages

On Demand AccessOn Demand Access
◆◆ The most up-to-date, relevant data sourcesThe most up-to-date, relevant data sources

◆◆ The best-of-breed computational toolsThe best-of-breed computational tools

Real-time information integration for rapidReal-time information integration for rapid
prototyping and decision-making supportprototyping and decision-making support

Flexible transformation and manipulation ofFlexible transformation and manipulation of
datadata

The right The right informationinformation in the right  in the right contextcontext
In In silicosilico discovery discovery
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What’s in it for the Biologists?What’s in it for the Biologists?

Information IntegrationInformation Integration

In Silico DiscoveryIn Silico Discovery
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PRINTS

Swimming in Data SourcesSwimming in Data Sources

BLOCKS

PFAM

MIPS

PRODOM

PROSITE

PDB

DSSP

SWISSPROT

TREEMBL

EMBL

DBSTS

DDBJEntrez

Patent USPTO

PIR Patent PCTMMDB

MEDLINE GENBANK

TFCLASS

LocusLink

NHGRI

TFSITE

UNIGENE

TFCELL GSDB

TIGR

Taxonomy

Celera
MGED

RHDB

Snow Med

GDB

OMIM dbSNP

dbSNP Population

SNP Consortium

WIT

KEGG

STKE

ENZYME

FASTA

BLASTSSEARCH

Microbial Genomes

C. Elegans
Clinical Trial DBs

CLUSTALW

EBI

Patent JPO

GO

Gene Expression
DBs

BioCarta

CGAP

RHDB

CCAP

PubMed

Gene Finder

Homology Modeling

MCell

Clustering
 Algorithms

Promoter Prediction

HUGO

MDLEntelos

Fly Base

SGD

MGI

BioOntolotg

SMD 

Proteomics
DBs

CAMDA

PharmGKB

ExPASy

SPAD

COG

Ensemble
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What is an In Silico Discovery Kit (ISDK)?What is an In Silico Discovery Kit (ISDK)?

   An in silico discovery kit is a script written
in the query language that

1.  inputs user data and parameters

2.  performs a defined information 
integration task

3.  output the results
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A Sample of In Silico Discovery Kit (ISDK)
Protein functional domain annotation

 Input
Query sequence(s)

 Input
Query sequence(s)

BLAST report:
matching regions
BLAST report:

matching regions

GenPept report:
features

GenPept report:
features

Outputs 
Integration
Outputs 

Integration

NCBI-BLASTNCBI-BLAST

EntrezEntrez

Domain
prediction program

Pfscan

Domain
prediction program

Pfscan
Integration

matching regions & 
domain features

Integration
matching regions & 

domain features
MedlineMedline

Domain
prediction program

PFAM

Domain
prediction program

PFAM

HUGOHUGO
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ISDKs are the building blocks of in
silico discovery

   Like Lego-blocks, simple ISDKs can be
used to build more sophisticated
discovery processes.  For example, ISDKs
for gene expression analysis, protein
functional domain prediction, SNP
analysis, and clinical trials can be chained
together to form a target identification kit
for drug discovery.
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CustomizableCustomizable
ISDKsISDKs provide a base set of templates for provide a base set of templates for bioinformatics bioinformatics integration. integration.
These templates can be readily modified and refined to meet userThese templates can be readily modified and refined to meet user
needs to incorporate specific databases and algorithmsneeds to incorporate specific databases and algorithms

FlexibleFlexible
The modular approach of ISDK gives scientists the flexibility to selectThe modular approach of ISDK gives scientists the flexibility to select
and combine specific ISDKs for specific research project.and combine specific ISDKs for specific research project.

Scalable:  high throughput bioinformatics processingScalable:  high throughput bioinformatics processing
The ISDKs are executed automatically by the powerful gX system inThe ISDKs are executed automatically by the powerful gX system in
batch mode and can handle large data volumebatch mode and can handle large data volume

Reusable codesReusable codes
The ISDK scripts are reusable to perform repetitive tasks and can beThe ISDK scripts are reusable to perform repetitive tasks and can be
shared among scientific collaboratorsshared among scientific collaborators

UpdateableUpdateable
New databases and new algorithms or computational tools can beNew databases and new algorithms or computational tools can be
readily incorporated into existing ISDK templatesreadily incorporated into existing ISDK templates

ISDKsISDKs
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Summary

A dynamic federated database approach inA dynamic federated database approach in
data integrationdata integration

A workflow strategy in information integrationA workflow strategy in information integration

A plug and play technology that provides non-A plug and play technology that provides non-
intrusive enhancement of existingintrusive enhancement of existing
bioinformatics infrastructurebioinformatics infrastructure

Innovative in silico discovery kits (ISDKs) thatInnovative in silico discovery kits (ISDKs) that
improve the efficiency and productivity ofimprove the efficiency and productivity of
research in the life sciencesresearch in the life sciences
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contact info:

suchung@sdsc.edu

suchung@ geneticXchange.com


